what role the extracellular BMP antagonists play. Loss
Single and Double Knockdown of BMP Antagonists of function in Xenopus has so far shown that reducing chordin function can mildly decrease the size of the To assess the requirement for BMP antagonists in normal development, we used MOs to knock down gene neural plate in whole embryos. Furthermore, in sensitized assays where the organizer is transplanted at the function in whole embryos (Figure 2 ). We first compared the phenotypes of chordin, noggin, or follistatin indivilate blastula and early gastrula stage, chordin function is required for proper induction of neural tissues in the dual knockdowns and then in combination. We examined the expression of sox2, which marks the neural host (Oelgeschlager et al., 2003) . Thus, the experiments to date do not address the extent to which BMP antagplate, in the neurula (st 14-15) embryo. In noggin morphants, sox2 is unaffected (Figures 2A-2C ) and only onists are required in normal development. In contrast, the early signals mediated by VegT, Smad2, and β-cateminimally affected in follistatin morphants ( Figures 2D-2F ). However, as in X. laevis, the sox2 domain is slightly nin have been shown by loss of function to be essential for the early steps of patterning the embryo ( Sox3, another marker of the neural plate at neurula In X. tropicalis, xnr3 is triplicated (Haramoto et al., 2004) stages, is also restricted to a rim of tissue surrounding and has a more uniform expression in the marginal the blastopore lip in triple and β-catenin morphants zone than the superficial expression found in X. laevis ( Figures 3E-3H ). Normally, sox3 is expressed broadly in (Smith et al., 1995) . Chordin mRNA is expressed broadly the blastula and then becomes restricted to the neural in the mesoderm and anterior endoderm, and noggin plate. Therefore, the extinction of sox3 in FCN morexpression is not present in the deep endomesoderm.
phants indicates that development is not significantly The anterior endomesoderm initiates cerberus expresdelayed. These results strongly suggest that BMP ansion at st 9, whereas expression of follistatin is retagonism is required for specification of the neural stricted to the dorsal mesoderm and first detected at plate. the onset of gastrulation (st 10). In cleared blastula embryos, we see no evidence for exclusive expression of any transcripts in the dorsal ectoderm (Kuroda et al.,
Triple Knockdown and Dorsal Mesoderm Dorsal mesodermal tissues were also eliminated in FCN 2004). The location and timing of expression of these transcripts is consistent with a function in Spemann's morphants and β-catenin MO-injected embryos. We tested myf5 and myoD, which are expressed in the soorganizer. 
, 1999). In β-catenin-injected Rescue of the FCN Morphant Phenotype
In order to show that these results are specific to a embryos, BAMBI and msx1 are greatly expanded and expressed circumferentially around the embryo, indireduction in BMP antagonism, we performed two rescue experiments. First the FCN morphants were seccating that the embryo is ventralized ( Figures 5C, 5D , 5G, 5H, 5S, 5T, 5W, and 5X). In FCN morphants, BAMBI ondarily injected with pufferfish noggin mRNA, whose sequence is different from Xenopus. Triple morphants and msx1 are also greatly expanded ( Figures 5A, 5B , 5E, 5F, 5Q, 5R, 5U, and 5V) though a dorsal strip of injected with noggin mRNA develop rescued neural plates and dorsal mesoderm (Figures 4A-4J) Figures 6U-6X ). This observation shows the imthen may affect subsequent patterning. In contrast, reportance of suppressing BMP signals for future muscle duction of β-catenin ablates the Nieuwkoop center, and development and rules out the possibility that myf5 and Spemann's organizer never forms. We therefore tested muscle development only require the graded activity of whether FCN morphants would differ from β-catenin nodal signaling. We therefore conclude from these exmorphants in organizer establishment. In the early gasperiments that even at this early stage, loss of BMP trula (st 10.5) a number of markers are expressed in antagonism affects patterning of the mesoderm, and in the mesoderm in a regionally specific manner. Xbra is FCN morphants, dorsal mesoderm is already developing a ventro-lateral character. expressed radially in the mesoderm of both FCN mor- jected sibling embryos (A, C, E, G, I, K, M, O,  Q, S, U, and W) and follistatin, chordin, and  noggin (FCN) triple morphants (B, F, J, N 1998). These examples relied on the generation of double pressed in sufficient amounts to prevent extreme ventralposterior fates but insufficient for dorsal cell fates such mutant animals, which can be quite laborious. Here, we show that the diploid frog, X. tropicalis, whose genome as the neural plate. Therefore, even with severe loss of BMP antagonism, remaining BMP antagonists may still is well characterized, may be an ideal animal in which to test for redundancy in two or more genes and overprevent the most ventral fates from forming. Alternatively, these incompletely ventralized fates may be lap in gene function by using morpholino oligonucleotides.
the consequence of early β-catenin signaling or FGF function.
Contributions of Different BMP Antagonists Knockdown of two antagonists has effects, but the BMP Antagonists and Neural Specification
We were surprised to see a residual ring of sox2 and neural plate still forms. However, once three antagonists are inhibited, there is a catastrophic failure of orsox3 expression in the β-catenin-depleted embryos, because these transcripts are often used to score deganizer function. Therefore, because dorsal structures are present in the double knockdowns but completely finitive neural tissue. In β-catenin-depleted embryos, neural tissues do not develop (Heasman et al., 1994) , eliminated in the triple, any one BMP antagonist does have a substantial effect on dorsal development proimplying that this early sox-expressing region is not definitive neural tissue. Thus, the early phase of Sox2 and vided it is in an appropriate context, i.e., loss of other BMP antagonists. Therefore, this suggests that these is not expressed until st 10, the onset of gastrulation gin, and chordin are present at the midblastula stage, though they are expressed more strongly at the onset ( Figures 1F and 1K ). Yet, comparing the chordin/noggin double morphant ( Figure 2N 
